The crystal and magnetic properties of (Fe80Nb6B14)1−xNix (x = 0.1, 0.2 and 0.4) bulk alloys prepared by making use of mould casting technique have been studied by X-ray diraction, magnetostatic and Mössbauer eect methods. Structural and magnetic properties of investigated bulk alloys have been compared with polycrystalline Fe1−xNix (x = 0.1, 0.2 and 0.4) alloys. The measurements have shown that the crystal and magnetic nonhomogeneity for bulk alloys are higher than in polycrystalline compounds, which conrms many magnetic wide magnetic hyperne eld distribution. The mean diameters of crystallites for (Fe80Nb6B14)1−xNix alloys was calculated from X-ray line broadening and were bigger than 10 nm. The mean magnetic moment and average magnetic hyperne elds decrease with increase of nickel concentration in investigated compounds.
Introduction
During the last decade a considerable number of bulk and nanocrystalline materials have been intensively studied due to the promising properties to be used for soft magnetic applications [1, 2] . These materials are obtained by dierent techniques, including mechanical alloying or reactive melting. The samples usually have a particle the size of several µm, but they consist of nanometric crystallites. Iron based compounds are probably the most relevant from a commercial point of view, not only due to its iron natural abundance, but also because of its low cost and excellent conjunction of magnetic properties like large saturation magnetization, low coercive eld and high permeability they characterized high mechanical strength and good resistance to corrosion [3] .
In the present work we have reported the inuence of Ni concentration on structural and magnetic properties of bulk (Fe 80 Nb 4 B 16 ) 1−x Ni x (x = 0.1, 0.2, 0.4) alloys series. The structural and magnetic properties of investigated bulk alloys have been compared with polycrystalline Fe 1−x Ni x (x = 0.1, 0.2 and 0.4) alloys. These properties have been studied by X-ray diraction, magnetostatic and Mössbauer eect methods.
Experimental procedure
The samples (Fe 80 Nb 6 B 14 ) 1−x Ni x (x = 0.1, 0.2 and 0.4) were prepared by means of the mould casting technique. The sample technology consists of two steps. Firstly, a Fe 80 Nb 6 B 14 amorphous melt spun ribbon was melted with a proper amount of Ni (purity of 99.96%) by the use of typical arc furnace in an inert gas atmosphere. In the second step the obtained alloy ingots were casting in a cooper mould using the self-designed vacuum suction apparatus [4] . The applied mould allows obtaining the bulk rods of 1.5 mm in diameter and about 3 cm in length. The polycrystalline Fe 1−x Ni x alloys were * corresponding author; e-mail: mariola.kadziolka-gawel@us.edu.pl prepared by arc-melting stoichiometric quantities of the starting metals in an argon atmosphere.
The XRD measurements were performed at room temperature using the Siemens D5000 X-ray diractometer and Cu K α radiation. From these measurements the type of crystal structure was determined and also the average crystallites size D from X-ray line broadening were calculated using the Scherrer equation.
The magnetic measurements of the investigated Fe Ni samples were performed using the Faraday method in temperature range 300700 K and in magnetic elds up to 1.2 T and for bulk alloys SQUID magnetometer was used in temperature up 1100 K and magnetic elds up to 7 T.
The Fe 57 Mössbauer spectra were recorded in a room temperature using a constant acceleration spectrometer with Co 57 :Cr source. Metallic iron powder was used for velocity calibrations of the Mössbauer spectrometer. All spectra were tted by means of a hyperne eld distribution using the HesseRübartsch procedure [5] with a linear correlation between isomer shift and hyperne magnetic eld.
Result and discussion
The XRD diraction pattern for investigated bulk (Fe 80 Nb 6 B 14 ) 1−x Ni x (x = 0.1, 0.2 and 0.4) alloys were broad, which can be the result of the composition uctuation due to the presence of regions with dierent iron concentration. Figure 1 shows the XRD patterns for selected compounds.
The X-ray diraction measurements showed that Fe 1−x Ni x alloys exhibited cubic phases bcc (x = 0.1, 0.2) and fcc (x = 0.4). The XRD diraction patterns for all bulk samples additionally have been shown Fe 3 B, FeB phases and small presence of Nb with small addition of Fe. It is dicult to say which phase in bulk alloys is responsible to the some peaks on the XRD pattern because they are weak and broad. In order to make the phases determination more precise are the Mössbauer measurements. The average crystallite sizes were calculated from X-ray line broadening of main peak and Magnetic studies show that the investigated compounds are ferromagnetic. The temperature variations of magnetization M (T ) for selected investigated compounds are presented in Fig. 2 and values of temperatures T c connected with magnetic transformation determined from M 2 (T ) curves are listed in Table. The shape of magnetization curve versus temperature indicates on existence dierent crystal phases in bulk alloys. The visible increase of magnetization with increase of temperature is surely related to crystallization of the some residual amorphous phase. Figure 3 shows magnetic isotherms at room temperature for all investigated compounds. The bulk alloys achieve the magnetic saturation at much lower magnetic elds than the polycrystalline FeNi compounds. The Mössbauer studies of the investigated alloys conrm the results of structural and magnetic measurements. From these measurements precisely determination of crystal phases is possible, Table. The bcc phase in the studied alloys can be seen as a narrow peak concentrated at the HMF at about 33.5 T (x = 0.1, 0.2).
The fcc phase appears on hyperne magnetic elds distributions as a peak concentrated near elds 30 T (x = 0.4). The hyperne elds distributions of bulk alloys for elds smaller than 30 T are broad and connected with ironboron phases [6] . The statistical location of boron atoms in the crystal lattice leads to an increasing number of dierent crystallographic and magnetic positions of Fe atoms. The bcc niobium phase is manifested themselves on HMF distributions as elds smaller than 6 T. The tted values of the average HMF are listed in Table. On the hyperne magnetic elds distributions of all investigated compounds are visible B hf with values higher than for pure ferromagnetic iron (33 T). These values are result of local environment of Fe atoms. If iron atom in bcc crystal structure has from one to about three nickel atoms in nearest neighborhood then magnetic moment on Fe atom increases up to value about 2.4 µ B [7] . The Fe atom has high magnetic moment (≈2.8 µ B ) when it is surrounded from zero to about nine Fe atoms in fcc crystal structure [8] . The mean hyperne magnetic elds 
